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Abstract 


In craniomaxillofacial surgery we often deal with hypoplastic mandibles and mandibular asymmetries, the correction of which is critical 
to obtaining acceptable aesthetic results. In all of them we find common skeletal problems once growth has finished, such as an inclined 
occlusal plane and facial asymmetry with a stable dental occlusion. Simultaneous maxillomandibular distraction, which involves a Le Fort I 
osteotomy and a mandibular osteotomy with intermaxillary fixation during the period of active distraction, is an excellent technique to solve 
these problems. Virtual surgical planning, stereolithographic models, and surgical guides are supportive tools for obtaining excellent results. 
In this paper we present our experience with five cases of hypoplastic mandibles and mandibular asymmetries of different aetiologies. In all 
patients we achieved a considerable improvement in their physical appearance in the distance between the lateral canthus and oral commissure, 
the height of the mandibular ramus, the inclination of the occlusal plane, and the medial position of the chin. The benefits of virtual surgical 
planning in terms of choosing the optimal vector and the amount of distraction make it a promising technological tool to achieve excellent 
outcomes. 

© 2020 The British Association of Oral and Maxillofacial Surgeons. Published by Elsevier Ltd. All rights reserved. 
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Introduction 


Hypoplastic mandibles and mandibular asymmetries are 
common problems in craniomaxillofacial surgery, and their 
correction is critical in obtaining acceptable aesthetic results. 
The causes are multiple and varied. We find them in congen- 
ital deformities, isolated unilateral mandibular hypoplasia, 
mandibular growth deficiencies secondary to fractures of the 
condyle, and degenerative diseases such as juvenile arthritis. 
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In all of them we find common skeletal problems such as an 
inclined occlusal plane and facial asymmetry with a stable 
dental occlusion once growth is over. 

The concept of lengthening bone by gradual distraction 
was first described by Ilizarov et al in 1970 as a treatment 
for lengthening long bones of the extremities,! and was then 
applied to the craniofacial skeleton. McCarthy et al were the 
first to describe mandibular lengthening. Since then, the dis- 
traction technique has become a predictable and successful 
tool in the treatment of hemifacial microsomia. 

The simultaneous maxillomandibular distraction proce- 
dure, which involves a Le Fort I osteotomy and a mandibular 
osteotomy with intermaxillary fixation during the period of 
active distraction, was described by Ortiz Monasterio et al 
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Fig. 3. Unilateral mandibular hypoplasia due to condylar fracture with fibrous/bony ankylosis (published with the permission of the patient or guardian). 


in 1997,° and other authors have also made contributions to 
the technique.* The main indications for this technique are 
mandibular hypoplasias type I, Ha and IIb. 

The application of digital technologies in virtual surgical 
planning of complex cases, such as hypoplastic mandibles 
and mandibular asymmetries, is anew way toimprove results. 
Virtual surgical planning, stereolithographic models, and sur- 
gical guides are helpful tools for obtaining excellent results.” 

We present our experience in five cases of hypoplastic 
mandibles and mandibular asymmetries of different aetiolo- 
gies. The objectives of treatment were to improve facial 
harmony by correcting hypoplasia, facial asymmetry, and 


the inclination of the occlusal plane. We also did simultane- 
ous maxillomandibular distraction, all cases being planned 
virtually. 


Material and methods 


In the Craniofacial and Cleft Surgery Unit of the Virgen de 
las Nieves University Hospital of Granada, we treated five 
patients who had simultaneous maxillomandibular distrac- 
tion, after virtual surgical planning of the distraction. The 
patients were three boys and two girls, mean (range) age 18 
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Table 1 
Demographic data and details of distraction osteogenesis (DO). 
Case No. Age Sex Type of hypoplasia Associated anomalies DO (mm) Complications Lipofilling 
(years) 
1 17 Male Left, secondary to No 20 No No 
condyle fracture 
2 19 Female Right, HFM type IIb Cleft palate 21 Relapse of ramus Yes 
distraction after 9 
years, cervical 
hypertrophic scar 
3 18 Male Right, HFM type IIb Cleft palate, 22 No Yes 
dysmorphic ear, left 
eye coloboma 
4 18 Male Left, secondary to No 18 No No 
condyle fracture 
5 17 Female Right, juvenile No 17 No No 
arthritis 


HFM = hemifacial microsomia. 








Fig. 4. Mandibular hypoplasia as a result of juvenile arthritis (published with the permission of the patient or guardian). 


(17-19) years. They all presented with a stable and efficient 
occlusion, despite having an inclined occlusal plane as a result 
of the loss of height of the maxilla secondary to the growth 
deficiency of the affected mandibular ramus. 

Two patients had hemifacial microsomia type Ia and Ib 
(Figs. 1 and 2); two had had condylar fractures in the early 
stages of life that went unnoticed (Fig. 3); and one had a 
disorder of the temporomandibular joint caused by juvenile 
arthritis, which was in clinical remission (Fig. 4) (Table 1). 

The diagnosis required clinical images, stereolithographic 
models, lateral teleradiography, frontal skull radiography, 
orthopantomography and a 3-dimensional computed tomo- 
graphic scan of the face. 

All patients had anthropometric measurements made on 
both sides preoperatively, and again at least three months after 
removing the distractor. On full scale frontal clinical images 
we measured the distance between the lateral canthus and the 
buccal commissure, the inclination of the occlusal plane, the 
height of the mandibular ramus, the height of the maxilla (dis- 
tance between the infraorbital ridge to the occlusal plane), and 
the deviation of the chin (defined as the horizontal distance 
from mental to the facial midline). 


All the patients were treated orthodontically before and 
after distraction. Preoperative orthodontics were useful to 
level, align, and block the occlusal plane during the active 
and contention period. When distraction osteogenesis was 
finished, orthodontics were necessary to adjust the occlusion 
and stabilise the results. 


Virtual surgical planning 


Through virtual surgical planning we created a detailed sur- 
gical plan for the Le Fort I osteotomy and the mandibular 
osteotomy. Bony movements during the distraction were sim- 
ulated by rotation and advancement of the mandible towards 
the midline until the occlusal plane was horizontal and the 
chin medial. The millimetres of elongation of the mandibular 
ramus necessary to achieve skeletal symmetry were docu- 
mented (Fig. 5). The mandibular ramus was elongated on a 
17-22 mm range. We over-corrected by approximately 10% to 
avoid relapse. We chose the vector and the distractor (Zurich 
II, KLS-Martin). 

The maxilla follows the direction of the mandibular 
changes, increasing its vertical dimension on the affected 
side. The subnasal angle also increases, expanding the capac- 
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Fig. 5. Virtual surgical planning process showing the cuts, vectors, and 
distances. 


ity of the nasal fossa of the affected side. The preoperative 
occlusion was maintained at all times. Finally, stereolitho- 
graphic models and surgical guides were made. 


Surgical considerations 


The Le Fort I osteotomy was completed including the 
separation of the septum but not the down-fracture. This 
modification to the Ortiz Monasterio technique was added 
to prevent bony resistance to distraction. 

The virtually planned distraction vector varied from ver- 
tical in cases with more severe hypoplasia of the ramus 
(hemifacial microsomia type IIb), to oblique in the other three 
cases with less hypoplasia of the ramus. 

After the latency period (between 5 - 7 days) intermaxil- 
lary fixation was done and the distraction began at the rate of 
1 mm/day. The distraction continued until we had achieved 
the clinical objectives of making the occlusal plane horizontal 
and the chin medial. In all cases, we overcorrected by 20%.'° 
Intermaxillary fixation in patients who could cooperate was 
done with elastic bands. If they could not cooperate (to make 
sure that the intermaxillary fixation was correct) orthodontic 
traction plates were placed and rigid intermaxillary fixation 
with steel wires was maintained during the active distrac- 
tion period. After that, steel wires were replaced with elastic 
bands. 


The consolidation period took at least eight months in all 
cases. The reason behind this decision is the lack of available 
operating rooms in our hospital. The percutaneous pins were 
removed about three months after distraction osteogenesis, 
meaning that the patient was able to live normally. The inter- 
maxillary fixation was maintained throughout the period of 
consolidation. 


Results 


The duration of distraction was around six months, and the 
mean (range) follow-up time was 4 (2 - 6) years. Mean (range) 
mandibular length was 20 (17 - 22) mm. The maxilla followed 
the direction of the mandibular changes, increasing its ver- 
tical dimension measured from the infraorbital ridge to the 
occlusal plane. 

The facial symmetry improved considerably in all cases, 
with an evident descent of the oral commissures postopera- 
tively (mean ratio increased from 0.8:1.1) (Table 2). 

The preoperative and postoperative mean ratio of the 
height of the mandibular ramus ranged from 0.602:0.94. 
In two patients with secondary mandibular hypoplasia the 
height achieved was equal to that of the healthy side, the 
ratio being 1. The inclination of the occlusal plane varied 
before distraction from a mean of 8.91° to 2.8° after dis- 
traction, where cases that tended to 0° were patients with 
secondary hypoplasia. The deviation of the chin (Table 2) 
was also completely corrected in the secondary facial asym- 
metries, with mild asymmetry persisting in the two patients 
with hemifacial microsomia. 

There were no complications during the operation or 
throughout the active distraction period. Two patients 
reported hypoaesthesia of the lower lip that fully recovered 
within a few months. 


Discussion 


Distraction osteogenesis is the surgical technique that is 
increasingly used in the treatment of hypoplasias and con- 
genital and acquired mandibular asymmetries. | ! 

When these skeletal problems are treated with conven- 
tional osteotomies, or osteocartilaginous grafts, or both, it 
is true that the duration of treatment is shorter and patient’s 
ability to cooperate is better. On the other hand, there is a 
risk of, for example, donor site morbidity, nerve injury, and 
unstable osteosynthesis. 

For the treatment of hemifacial microsomia, distraction 
osteogenesis is a minimally invasive technique that short- 
ens operating time and significantly decreases the duration 
of hospital stay, avoids bone grafts, can be done at any age, 
and is repeatable. Its most important advantage is the simul- 
taneous lengthening of the soft tissues, which contrasts with 
conventional osteotomies in which soft tissues do not allow 
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Table 2 


Preoperative and postoperative measurements. 


Case No. 


Follow-up 
(years) 


Post- lateral 
canthus-oral 


commissure 
distance 


Pre- chin Post- chin Pre- 


Post- occlusal 


plane 


Pre- occlusal 


plane 


Post- IOR-OP 
distance ratio 


Pre- IOR-OP 


Post- 


Pre- 


lateral 


deviation 


deviation 


mandibular distance ratio 


mandibular 


canthus-oral 
commissure 
distance 


0.76 
0.85 
0.75 
0.72 
0.76 
0.76 


inclination 


inclination 


ramus height 


ratio 


ramus height 


ratio 
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4.3 


0.96 


0.0 
2.4 


5.8 


13.6 


0.00° 


8.50" 


1.01 
0.91 
0.89 
0.96 
1.00 
0.95 


0.83 
0.87 
0.75 
0.83 
0.87 
0.83 


0.97 
0.82 
0.91 


0.60 
0.58 
0.76 
0.70 
0.82 
0.69 


5.9 
2.3 


1.20 
0.86 


22 


1.81° 


9.20° 


12.88 
12.03 


5.11° 
12.13 


10.24° 
8.41° 


6.4 
1.8 
4.14 


1.00 
1.00 
1.04 


0.0 
0.0 


0.00" 


1.00 


1.00 
0.94 


0.00" 


8.20" 


1.64 


12.56 


2.80" 


8.91° 


Mean 


Note: the ratios were obtained by dividing the distances on the affected side by that of the unaffected side. 


IOR-OP 


distance from the infraorbital ridge to the occlusal plan. 


the bones to be brought immediately to the desired position 
and are responsible for recurrence. !* 

Distraction osteogenesis also has potential problems such 
as non-compliance by the patient, infection of the pin’s track, 
osteomyelitis, nerve injury, tooth injury, lack of union or poor 
bony union, occlusal problems as a result of poor choice of 
the distraction vector, and possible recurrence. 

The most appropriate time to treat hypoplasias and con- 
genital or acquired mandibular asymmetries is controversial. 
Some authors defend the use of corrective surgery when the 
skeleton is mature, so as not to impair growth potential and 
to prevent recurrence.!*~!> Others prefer early correction of 
the deformity to minimise psychosocial morbidity, despite 
the risk of recurrence and having to treat the patient a second 
time," 

Lu et al^ defended the treatment of patients with hemi- 
facial microsomia type II in late mixed dentition age (11-16 
years) to achieve the maximum psychosocial benefit from a 
single treatment. This is based on the results that are main- 
tained over time and complications are minimal, being an 
excellent alternative to distraction osteogenesis or orthog- 
nathic surgery when growth has finished. 

Kaban et al! recommended that the correction of 
mandibular hypoplasia to the permanent dentition stage in 
patients with less severe hypoplasias should as a general rule 
be postponed. The more severe patients would benefit from 
earlier treatment. 1° 1822 

In adult patients the problem is different. The facial growth 
has ended, and the compensatory secondary deformity has 
extended in other directions, so that the maxilla is also 
short, ipsilateral to the hypoplastic jaw, and therefore need- 
ing elongation as well. On the other hand, the occlusion is 
efficient and stable despite the fact that the occlusal plane 
is inclined. In this situation we can consider conventional 
orthognathic surgery rather than distraction osteogenesis. 
Less severe cases of hemifacial microsomia type I and Ila 
may be suitable for orthognathic surgery because of their 
relatively larger bone stock. However, type Ib patients are 
not candidates because their mandibular rami are often too 
short and it would be necessary to place bone grafts after 
sagittal osteotomies so that the bone contact is adequate and 
a correct osteosynthesis could be made. When doing these 
bone grafts, there is a risk of resorption, which predisposes 
to long-term relapse. On this basis, distraction osteogenesis 
is the ideal treatment for patients with hemifacial microsomia 
type IIb.7° 

Ortiz Monasterio et al? were the first to introduce simulta- 
neous maxillomandibular distraction with a single distractor 
in the jaw in adult patients with hemifacial microsomia to 
avoid the problem of occlusal disasters when distraction 
osteogenesis was restricted to the jaw. The main advantage 
is the immediate correction and return of the occlusal plane 
to horizontal. 

Scolozzi et al? reported simultaneous distraction using 
two distractors, one for the maxilla and one for the jaw. 
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This technique was particularly indicated for children as no 
intermaxillary fixation was required. 

The patients we have described were treated with a single 
distractor and intermaxillary fixation, with minimal com- 
plications and predictable results according to the virtual 
surgical planning. It is particularly important in adult patients 
that soft tissues are lengthened progressively during bony dis- 
traction, this being a key factor in the stability of the results 
over time. Mouth opening was not altered after intermaxil- 
lary fixation. After the active distraction period we let the 
patients remove the elastic bands during feeding, and one 
with juvenile arthritis was given oral physiotherapy twice a 
day. 

All operations were planned virtually. We agree with 
Bengtsson et al’? that virtual surgical planning is fundamen- 
tal in complex cases. It makes surgery safer, more predictable, 
requires less surgical time, and let us achieve excellent results. 

With the virtual surgical planning and the use of surgical 
guides, therefore, precision in the location of the osteotomy is 
guaranteed, the distractor can be placed in the planned area, 
and the vector can be in the previously planned one. The 
exact amount of distraction is of great importance, unlike 
in cases done without virtual surgical planning, where the 
decision to continue activating the distractor or not is difficult 
to make. 

In all patients there was a pronounced improvement in 
their physical appearance in the distance between the lateral 
canthus and oral commissure; the height of the mandibular 
ramus; the inclination of the occlusal plane; and the move- 
ment of the chin medially. 

The results obtained were better in patients with mandibu- 
lar hypoplasia and secondary facial asymmetry that in 
patients with hemifacial microsomia. A consequence of this 
technique was the favourable change in the subnasal angle 
that changed the inclination, expanded the capacity of the 
nasal fossa of the affected side, made the nasal septum verti- 
cal, and improved the projection of the tip. 

All the patients were satisfied with the facial changes pro- 
duced. In two patients with hemifacial microsomia, facial 
symmetry improved when we provided more volume to the 
hypoplastic soft tissues by grafting them with autologous fat 
using the lipofilling technique in the cheek, periorbitally, and 
the mandible basal to the midline,!? which contributed to 
the refinement of symmetry and gave the patients greater 
satisfaction. 


Conclusion 


Simultaneous maxillomandibular distraction is a predictable 
and successful technique in congenital and acquired hypopla- 
sia and mandibular asymmetry. The best age to have this 
treatment depends on the severity of the hypoplasia. The 
benefits of virtual surgical planning in terms of choosing the 
optimal vector and the amount of distraction makes it a tech- 
nological tool that contributes to achieve excellent outcomes. 
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